Measurement of surface electrical anisotropy offers a non-invasive, painless means for quantifying neurogenic change in muscle.
h i g h l i g h t s
Measurement of surface electrical anisotropy offers a non-invasive, painless means for quantifying neurogenic change in muscle.
Substantial anisotropy alterations in the gastrocnemius muscle of ALS rats were identified with disease progression.
This change was mainly due to a reduction in longitudinal impedance values, which correlated with age and motor unit number estimates.
a b s t r a c t
Objective: To evaluate the effects of progressive neurogenic change on surface-measured anisotropy via study in the rat superoxide dismutase 1 (SOD1) G93A amyotrophic lateral sclerosis (ALS) model. Methods: Eight male ALS rats were studied over a period of 10 weeks. In each, the 20 kHz to 1 MHz electrical impedance of the gastrocnemius-soleus complex was measured with electrodes placed at 0°and at 90°relative to the major muscle fiber direction. The major outcome measure, the anisotropy difference (AD) for each of the resistance, reactance, and phase, was calculated as 90-0°values. Results: All three parameters showed substantial alterations with disease progression. However, the phase AD demonstrated the most substantial change, increasing from 1.8 ± 1.58°to 10.2 ± 2.13°( mean ± standard error) comparing the first and last set of measurements (p = 0.028). Conclusions: Anisotropy increases substantially with disease progression in the ALS rat. Significance: Measurement of surface electrical anisotropy offers a non-invasive means for quantifying neurogenic change in muscle. Ó 2011 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
Introduction
Electrical impedance myography (EIM) is a technique for the evaluation of muscle in which high-frequency, low-intensity electrical current is applied via surface electrodes overlying a muscle of interest and consequent surface voltages measured (Rutkove, 2009) . From these voltages, several parameters describing the electrical properties of the muscle can be obtained, including the reactance (X), the resistance (R) and the phase (h). X represents the time delay between the applied current and the measured voltage, an indication of the muscle's ability to briefly store and release charge; R is the ratio of the applied current to the measured voltage and is an indication of the muscle's ability to transmit an electrical current; h is a single measure that captures both the X and R and is defined by the trigonometric relation h = arctan(X/R) (Rutkove et al., 2002) . Previous and ongoing work has demonstrated the potential value of EIM in assessing neuromuscular disease states, including in quantifying disease status over time (Rutkove et al., 2007) and also possibly assisting with disease categorization (Garmirian et al., 2009; Rutkove et al., 2010) .
One aspect of EIM that to date has received limited attention is that of electrical anisotropy. Electrical anisotropy refers to the presence of a directional-dependence to the measurements. Most body tissues do not demonstrate such dependence and are termed isotropic. Muscle, however, exhibits a strong anisotropy, due to the fact that myocytes are long, tubular structures (Epstein and Foster, 1983; Aaron et al., 1997) . Applied electrical current can travel via extra-and intra-cellular paths more easily along muscle fibers than across them. There is also a strong frequency-dependence to this property. In fact, this characteristic of muscle was recognized nearly 50 years ago (Rush, 1962; Fatt, 1964) , but its potential value for muscle disease assessment has only recently been appreciated (Garmirian et al., 2009; Chin et al., 2008) .
